Background: Little evidence is available in literature on the effects of sample transportation. The aim of the present study was to evaluate the effects of an integrated system for sample transportation on the quality of six laboratory parameters considered representative of the quality of all tests requested and performed .
Introduction
Sample transportation is widely recognized as a major factor contributing to delays in returning high-quality clinical laboratory results to both the patient ' s bedside and to out-patients (1) .
In the last few years, fi ndings have been collected concerning the effects of extreme temperatures and physical forces during sample transportation via pneumatic systems (PTS) (2, 3) . In particular, it has been demonstrated that PTS speed affects the degree of hemolysis (4, 5) . Yet little attention has been paid to the effects of sample transportation from peripheral collection sites to centralized laboratory facilities.
In the last few decades, due to increasing pressure to cut costs in healthcare organizations, we have experienced the increasing consolidation and centralization of laboratory diagnostics within large facilities, with a consequent need to transport a large number of specimens from peripheral collection sites to the core laboratories; this has led to a dramatic increase in the risk of errors in this step, and the urgent need for appropriate sample transportation conditions. In view of the well-known fact that sample quality can be compromised by exposure to inappropriate temperatures and prolonged transportation times, we have implemented an integrated system that allows us to control and monitor the temperature of biological samples during transportation (6) . The aim of the present study was to evaluate the effects of the introduction of this integrated system on variability in six laboratory parameters considered representative of the quality of all tests performed both in terms of frequency of requesting and biological properties. To this end, we made a comparative analysis of data collected before (2007) and after (2011) the integrated system was introduced.
Materials and methods
The study was performed at the Department of Laboratory Medicine of the University-Hospital of Padova, which provides in-and out-patient services (60 % of the overall 8 million tests per year), samples being collected from 21 centers in a wide catchment area in North East Italy, covering about 20 km. The integrated transportation system, which uses a tertiary and a secondary container, a datalogger for registering time and temperature at given intervals during the transportation, a mission starter and a system manager (i.e., a decoder of transport conditions, allowing the reading, visualization, and validation of data recorded by the tempStick during a given transportation), has been described elsewhere (6) .
Test tubes, containers and devices were supplied by Becton Dickinson (Becton Dickinson Diagnostics, Milan, Italy). A special courier certifi ed (ISO 9001:2008 and ISO 14001:2004) for the transportation of biological samples is used. The limit for suitable temperature fl uctuation was set between 10 ° C and 20 ° C according to a CLSI recommendation (7) , while the maximum transport time established was < 3 h, being calculated on the basis of the maximum time required for sample transportation from the center furthest from the laboratory. In daily practice, when the containers arrive in the laboratory, all data on temperature and time of the individual transport are automatically downloaded from the TempStick to a PC and analyzed by the laboratory staff responsible for receiving and handling samples. Staff members, alerted if the selected temperature limits are exceeded, can reject the samples in question; those with temperatures higher than 25 ° C are rejected, while samples with temperatures ranging from 20 ° C to 25 ° C are submitted for further evaluation, the specifi c analyte(s) required and the overall transportation time being checked. In addition to the mean values of temperature and time, the system calculates the mean kinetic temperature (MKT), an accepted index that is a " calculated, single temperature that is analogous to the effects of temperature variations over a period of time " (6) . Likewise, samples are rejected if the transportation time exceeds 3 h. Standard operating procedures (SOPs) about the accurate use of the implemented system, which have been locally developed, are communicated to the appropriate personnel in order to assure their correct application. In order to evaluate the effects of the introduction of the integrated system for sample transportation, we monitored the variations of six biochemical laboratory tests, selected on the basis of their biological characteristics, as an indication of the overall sample quality: alanine aminotransferase (ALT), calcium (Ca), potassium (K), activated prothrombin time (APTT), prostate specifi c antigen (PSA), and hemoglobin (Hb). All tests were performed using automated conventional methods that were unchanged during the observation time period. Data, retrieved from the laboratory information system (LIS, TDSynergy, Technidata, Grenoble, France), were compared by analyzing values obtained before and after the introduction of the integrated system for sample transportation. In particular, we analyzed the variability of the concentrations determined on samples with a transportation time of < 1 h (ST, short time), between 1 h and 1.5 h (MT, medium time) and more than 1.5 h (LT, long time), and in different seasons (the year, subdivided into 2-month periods). The data were then compared with data obtained in samples collected in an out-patient facility (OP) in the proximity of the laboratory and not requiring transportation.
Statistical analysis
All studied variables were assessed for normality using the ShapiroFrancia test. Transportation times were coded as categorical variable according to: short time, medium time and long time. For the years under evaluation (2007 and 2011), the time period was subdivided into six parts (2 months each). For ALT, PSA, APTT, Ca, K, Hb, gender related differences were evaluated using the t-test or KruskalWallis rank test, while correlations with age were assessed using the Pearson or Spearman coeffi cients. For all the biochemical laboratory tests (except APTT) a multivariate generalized linear model (GLM) was applied to estimate the effect on the mean of age, gender, transportation time and monthly variation, using the link identity function, Gaussian distribution and the robust variance estimates methods. In these models, age was treated as a continuous variable. All the statistical GLM models evaluated included two-way interaction terms obtained by combining the categorical variables of transportation time and monthly variation, to assess their multiple effects. The level of signifi cance was set at p < 0.05 for all statistical tests. All statistical analyses were performed using STATA ® (StataCorp LP, TX, USA) version 10.1. Table 1 shows the data collected during the observation years (2007 and 2011) for samples transported from the collecting centers and from an out-patient facility (OP) near to the clinical laboratory. The number of samples collected in the OP was similar to that collected in peripheral centers. ALT and PSA met the requirements for parametric statistical analysis respectively, after a log 10 and a log e transformation. Natural logarithmic transformations of PSA rather than log 10 were used in order to facilitate the graphical interpretation of data.
Results
Since APTT values did not meet criteria for normality after data transformation, it was subsequently analyzed using nonparametric tests. All the tests evaluated showed signifi cant (p < 0.001) differences for both gender and age. Seasonal variations were found for all tests (except PSA) for samples collected in both OP and peripheral centres. The data from 2007 and 2011, for K and ALT in particular, are reported in Figure 1 .
For PSA, Hb and Ca, no signifi cant variations related to transportation time were found either before (2007) or after the introduction of the integrated system for sample transportation. Figure 2 shows the variations observed in K (part A) Figure 3 shows the data for APTT values. A wide dispersion of data and signifi cant differences related to transportation time were found for the year 2007. However, both the dispersion and differences disappeared in 2011. As shown in Tables 2 and 3 , the data of GLM models confi rm that in the year 2007 the differences between long-vs. short-term peripheral centers for both K ( Table 2 ) and ALT (Table 3) concentrations are statistically signifi cant, also after correction for age, gender and monthly variations. In the year 2011, no signifi cant differences were found, either in K or ALT values in relation to the transportation time, while the data highlight the signifi cant differences for both age and gender. The two-way interaction term confi rms that in samples with the longest transportation time, the mean values for both K (3.758 mmol/L) and log 10 ALT (1.302) varied in the year 2007 (slope: -0.065 mmol/L for K; 0.012 for log 10 ALT), but not in 2011.
Discussion
Evidence collected in the last decade demonstrates that the pre-analytical phase of the total testing process (TTP) is much more vulnerable to errors than all other steps, being the source of up to 70 % of all laboratory errors (8 -11) . Thanks to the increased awareness of the importance of improving quality in the pre-analytical phase, some technological developments and initiatives designed to improve the standardization and quality of operating procedures among phlebotomists have been introduced (12, 13) . However, while the effects of time and temperature transportation on the quality of biological samples were recognized some decades ago, little evidence is available in literature on the effective compliance with current recommendations and requirements for transportation and on systems able to safeguard sample quality during transportation (14) . After the introduction of an integrated transportation system in our institution, a signifi cant increase was achieved in the frequency of transportations made at acceptable temperatures with a parallel decrease in transportations with MKT alerts or at temperatures exceeding 25 ° C (6) .
The fi ndings made in the present study demonstrate the effects of the integrated system on the quality of six commonly requested laboratory tests, selected on the basis of the possible interference of time and temperature on their measured concentration. For three parameters (K, ALT and APTT), signifi cant differences due to transportation time have been observed before the introduction of the integrated system. In particular, considering samples with a transportation time of < 1 h and those with transportation times of more than 1 ½ h, the concentrations of the two common laboratory tests ALT and K were different.
For ALT and K the seasonal variation for both 2007 and 2011 are absolutely comparable with those observed in samples collected in the out-patient facility near the laboratory. However, starting from the last months in 2007, the infl uence of transportation time on the mean values for both tests ( Figure 2 ) seems to have decreased. These results underline that the effects of the transportation time in 2007 vary during the year, but not in relation to seasonal temperatures. In fact, the integrated transportation system was gradually introduced in different sites during that year.
For APTT (Figure 3 ), a wide dispersion of values and signifi cant and unexpected differences between prolonged vs. short transportation time were found for 2007, but not 2011. These results are probably attributable to the incorrect use of SOPs, particularly from a center near to the central laboratory, as well as to the biological characteristics of the parameter itself.
The strength of the present study therefore lies in its reporting on the evaluation of a huge number of data obtained in biological samples before (2007) and after (2011) the introduction of the integrated system for sample transportation. In addition, we compared the data obtained in the same laboratory tests in an out-patient population in which blood collection was performed in the proximity of the laboratory facilities, thus obviating the need for sample transportation. The present study, however, has several limitations. First, data were obtained by a retrospective analysis of the results before and after the implementation of the transportation system. Second, we implemented and optimized an integrated system designed to assure quality of sample transportation in a specifi c institutional setting with collecting centers situated in an area covering about 20 km, and with a transportation time of no more than 3 h; in other contexts, a longer transportation time would call for different working conditions. Third, we did not consider some analytes, such as glucose, which call for special pre-analytical treatments (e.g., tubes with sodium fl uoride as a glycostatic) and samples for tests requiring lower temperatures or other special conditions during transportation, such as ammonium, lactic acid, cryoglobulin test, that were not performed in peripheral collection centers. It should be underlined that another valuable means of establishing sample quality after transportation is the systematic assessment of the hemolysis index (15) .
In conclusion, our study confi rmed the need to standardize time and temperature conditions during sample transportation by adopting integrated systems that obviate possible interferences and poor pre-analytical quality.
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